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Current Biology 27, R1141-R1155, November 6, 2017 (anammox), a natural process in the oceans that was only discovered in the mid-1990s. It involves the conversion of part of the ammonia to nitrite by Nitrosomonas bacteria, then anaerobic (anammox) bacteria react nitrite with the remaining ammonia to form molecular nitrogen. This second step occurs on a large scale in oxygen-depleted parts of the oceans and is estimated to account for between a third and a half of the natural production of nitrogen gas. The installation of the anammox process at Minworth also enabled the effi cient biological removal of phosphate within the same sludge stream. Other utilities use magnesium oxide to precipitate phosphate as the mineral struvite, which can be used as fertiliser.
In some ways, the problems around the fertiliser elements phosphorus and nitrogen, although very different, are connected to each other. Since the industrial roll-out of the Haber synthesis, just over a century ago, human activities have more than doubled the global amount of reactive nitrogen compounds in circulation (Curr. Biol. (2012) 22, R1-R4) . This has enabled the explosion of the human population in the 20 th century, and also harmed ecosystems in multiple ways. However, as nitrogen is abundant and free to take from the atmosphere and will eventually return to it, there is no supply shortage for this element, and ecological impacts of its excess application remain the main concern.
Where nitrogen is abundant, phosphorus is bound to become limiting, and with this element the situation is much more complex. Natural cycling of the element between the living world and geology runs on the timescale of millions of years. Fertiliser producers trying to keep up with the pace set by nitrogen are at risk of using up limited resources while excess application pollutes our waters.
We have outrun the big, slow geobiological cycle with a quick and dirty one-way street. The challenge now is to replace that again with many small phosphorus cycles, each adapted to the local resources, requirements and fl ows. What turned you on to biology in the first place? I cannot remember a time when I did not love natural history. My parents were both avid nature lovers, and my father had training in arboriculture. When still a small boy in the Netherlands, I picked up shells from the beach. Even at the school for the blind, where I spent most of the first five years of my education, I was fascinated by the pines and the birds on the school grounds, though my existence there was a most unhappy one. My parents, who had been thinking about emigration for some time, looked for a situation where I could go to school while living at home, and settled on a plan to emigrate to New Jersey, which at that time had one of the most progressive philosophies about integrating blind children into public schools. Once in the United States, I was so taken by the dramatically different vegetation that I began to ask what might account for the variety of noisy, fragrant, and sometimes even poisonous creatures in our new home. A fourth-grade teacher, who brought shells to her classroom from Florida, kindled my scientific interest in shells. With the help of my mother, father and brother, I began to read everything I could about shells, the sea, biology, and general science. My path to academia was thus an exceptionally straight one.
If you would not have made it as a scientist, what would you have become?
It is almost inconceivable to me to have been anything other than a scientist, but my life-long love of classical music might have propelled me into a musical career. Whether I would have had the talent for it will forever remain unanswered.
Do you have a scientifi c hero?
If I had to choose a single scientifi c hero, it would be Alfred G. Fischer, whose courses I took at Princeton and whom I came to know quite well as an undergraduate there. Fischer was a palaeontologist and geologist who had spent time in Peru and Ecuador as well as working out geological problems in the Alps.
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He also understood organisms as living things, and was unusual for practitioners of his fi eld at the time in thinking about fossils in the same way, as representing organisms that once had to make a living in a strange world. He was so knowledgeable, so thoughtful, so serious in his science, and so warm as a person, that he represented everything I wanted to be as a scientist.
Do you think there is too much emphasis on big data-gathering collaborations as opposed to hypothesis-driven research by small groups? Big Science clearly has a place in the world and is not going away; but I worry that individuals who might be highly creative are being pushed to the sidelines. With so much emphasis being placed on collaborative research, individualists -among whom I must count myself -can no longer find employment in universities or even museums. This trend will result in a decline in intellectual diversity and may in the end impede scientific progress, because it is individuals, not groups or committees, who come up with truly novel ideas.
How has your blindness affected your scientific work? I became totally blind at age three, which means that all of my education took place in the absence of vision. Incredibly supportive parents, brother, and teachers encouraged my obvious scientific interests, as did my Princeton and Yale professors. Naturally, I emphasized the objects -shells and plants in particular -that I could observe first-hand, but I also engaged in a great deal of field work all over the world, again with virtually no opposition by those with purse strings or power. Thinking about broader scientific questions, such as major patterns in history, is not impeded by sensory limitations except that an enormous amount of reading is required to gain enough knowledge to make a real contribution. Thanks to the many people who have read aloud to me over the years as I take voluminous notes in Braille, this has not been a problem. Blindness surely pushed me (willingly) into particular branches of science -especially the biology of shells and plants-but it has been little more than a nuisance.
What have been the major questions motivating your scientifi c career? From the beginning, when I began collecting mollusc shells, I was interested in function. How do shells work for the animals that built them, and how does shape refl ect environment? I quickly learned that for m doesn't merely refl ect the physical environment, but also the natural selection imposed by the animals that eat shell-bearers. Shells thus became armoured structures, implements for burrowing stealthily through sand, sometimes even devices that help the mollusk consume its prey. It was not long before I began to appreciate the time dimension: Shells had a history, and that history told of changing predators, novel requirements, obsolete forms replaced by more sophisticated ones.
Molluscs then became a window on a wider world. I realized that major historical patterns existed in herbivores and the plants they ate, rock-boring organisms and the animals that secondarily inhabited their cavities, and symbioses between photosynthesizing microbes and marine hosts. As I developed a biological concept of enemy-driven evolution, or escalation, I began to wonder how episodes of escalation began and ended, a topic that seemed particularly relevant as the arms race between the United States and the Soviet Union was heating up in the Reagan era of the 1980s. These questions led me to a broader perspective, in which I began to think about the history of interactions among organisms, and about parallels between the principles of economics and the theory of evolution.
Altogether, then, my intellectual quest has been one of expanding interests in the properties of history and the place of humans in the unfolding events of life's evolution. 
